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WATER  AND  SEWAGE  PIPES 

Frost  prevention  for  privately  NBI1  ^ Publication  (53)204 

owned  pipes  laid  in  bedrock 

October  1976 

0 GENERAL 

01  This  publication  discusses  frost  prevention  for  privately 

2) 

owned  water  and  sewage  pipes  laid  shallow  in  bedrock  type 
terrain. 

Bedrock  type  terrain  is  here  defined  as  regions  where  the 
bedrock  is  either  bare  or  covered  by  a very  thin  layer  of 
loose  soil  materials. 

02  Rock  is  a very  good  thermal  conductor  and  the  frost  will  pe- 
netrate to  rather  large  depths.  Frost  prevention  for  pipes 
laid  in  bedrock  is  primarily  a matter  of  maintaining  the  tem- 
perature above  a certain  level  in  the  pipes  themselves, 
since  frost-heaves  can  not  occur.  This  means,  that  the  insu- 
lation should  limit  heat  transfer  from  the  pipes  to  their 
surroundings  to  an  absolute  minimum.  On  the  other  hand, 

the  frost  line  (0  - isotherm)  can  be  permitted  to  penetrate 
below  the  pipes. 

03  One  can  distinguish  between  narrow  and  wide  trenches  in  bed- 
rock. A wide  trench  is  defined  as  one  where  the  back-fill 
materials  are  significant  for  frost  prevention.  The  required 
trench  width  will  then  depend  on  the  back-fill  material.  As 

1)  Norges  Byggforskningsinstitutt : Norwegian  Building  Research  institute 

2)  That  is,  above  the  frost  penetration  level.  (Translator's  notes) 
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a general  rule,  a rock  trench  is  considered  wide  if  the  trench 
width  at  the  surface  exceeds  twice  the  frost  depth  in  the 
back-fill  material.  In  narrow  rock  trenches,  materials  cove- 
ring the  pipes  serve  primarily  as  structural  protection  for 
the  pipes. 

04  Related  publications: 

NBI  Aa.111:  "Frost  loads.  Data  for  frost  prevention" 

NBI(58).203:  "Water  and  sewage  pipes.  Frost  prevention  for 
privately  owned  pipes  laid  in  the  ground. 


I MATERIALS 

I I Trench  materials 

When  pipes  are  laid  in  a shallow  and  narrow  trench  in  rock, 
the  thermal  properties  of  the  surrounding  rock  material  are 
of  significant  importance  only  if  the  pipes  are  not  insula- 
ted. It  is  then  assumed  that  sufficient  heat  is  given  off 
by  the  pipes  or  electrical  heating  cables  to  prevent  free- 
zing. The  choice  of  back-fill  materials  can  then  be  based 
on  structural  and  load  considerations.  Where  the  pipes  pass 
through  traf  ficated  areas  and  a minimum  covering  thickness 
is  desired,  the  most  suitable  choice  is  loosely  packed  fine 
crushed  rock  with  grain  sizes  3-8  mm  or  8-12  mm  placed  around 
insulation  and  pipes.  For  the  top  layer  one  can  use  coarser 
gravel  or  crushed  rock.  This  is  also  advantageous  from  a 
thermal  point  of  view,  since  these  materials  have  relatively 
low  thermal  conductivity. 


Where  pipes  are  not  subjected  to  stress  loads,  it  may  be 
advantageous  to  use  moist  materials  with  high  thermal  capa- 
citance for  the  back-fill,  particularly  in  wide  trenches. 


4- 
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1'  Pressure  on  insulating 
plate,  k^/m2 

2 P = 50  kN  (traffic  load, 
wheel  load) 

3 Gravel  layer  thickness 
above  the  insulation, 
mm 


Figure  12  b 

Required  compressive  strength  of  the  insulation,  as  function 

of  covering  gravel  layer  thickness 
13  Heating  cables 

Figure  13  shows  different  types  of  heating  cables  designed 
for  placement  outside  or  inside  water  pipes.  Cables  are  avail- 
able with  resistance  values  ranging  from  a few  milli-ohms  to 
several  hundred  ohms  per  meter.  The  higher  resistance  values 
are  suitable  for  short  runs,  while  long  pipes  require  low 
resistance  values^.  Heating  cables  are  available  with  two 
or  three  conductors  and  more  specialized  types,  e.g. , with 
very  high  resistance  per  meter  or  with  other  thermal  proper- 
ties, can  be  obtained.  Heating  cables  can  be  connected  to 

electric  outlets. 

1 ) Per  unit  length 
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1.  Metal  conductor 

2 Silicone  rubber  insulation 

3 Lead  jacket 
4-  Plastic  jacket 

5 Ground  return 

6 Mineral  insulation 

7 Optional  plastic  jacket 

8 Metal  conductor 

9 Copper  jacket  (also  used  as 
ground  return) 

Figure  13 

Different  types  of  heating  cables 

a.  Heating  cable  designed  for  use  outside  waterpipes 

b.  Heating  cable  designed  for  use  also  inside  waterpipes 

14  Pipe  materials 

For  shallow  water  lines  it  is  necessary  to  use  pipes  and 
joints  which  can  withstand  the  stresses  caused  by  freezing 
water.  Materials  with  low  thermal  conductivity  are  also  ad- 
vantageous. This  is  true  both  for  water  and  sewage  pipes. 
Plastic  pipes  are  thus  particularly  suitable  for  shallow 
water  and  sewage  installations. 


2 IMPLEMENTATION 

21  Frost  prevention  methods 

One  important  factor  is  whether  a single  pipe  or  several 
types  of  pipes  are  located  in  the  same  trench.  If  the  pipes 
are  placed  significantly  above  the  frost  limit,  thermal  in- 
sulation will  be  required.  The  insulation  must  completely 
enclose  the  pipes.  To  minimize  heat  loss  from  the  pipes,  the 
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outer  surface  of  the  insulation  should  be  as  small  as  possible. 
For  a single  pipe,  this  can  be  achieved  by  using  some  type 
of  shell  insulation.  If  several  pipes  are  laid  together,  box- 
shaped insulation  can  be  used.  In  cases  where  the  pipes  car- 
ry water  intermittently,  it  is  advantageous  to  imbed  the  pipes 
in  a material  capable  of  storing  heat.  This  is  particularly 
important  when  heat  is  to  be  transferred  from  sewage  pipes 
to  water  or  surface  drain  pipes.  It  is  also  necessary  to 
imbed  pipes  which  are  subjected  to  mechanical  stress. 

22  Heat  sources 

When  pipes  are  to  be  laid  above  maximum  local  frost  depth, 
some  supply  of  heat  will  be  required.  It  is  always  advanta- 
geous if  the  pipe  system  itself  can  give  off  sufficient  heat. 
This  can  be  achieved  by  connecting  all  the  houses  in  one  row 
to  a common  branch  pipe*  rather  than  using  separate  connec- 
tions to  the  main  line  for  each  dwelling.  Sewage  lines  con- 
stitute the  main  heat  source  and  should  be  laid  close  to  the 
water  pipes. 

Figure  22  illustrates  the  amounts  of  heat  which  can  be  given 
off  by  smaller  size  water  and  sewage  pipes  in  use.  For  water 
pipes  one  can  normally  tolerate  a drop  in  temperature  of 
0.5  - 2.0 °C  along  a shallow  stretch.  The  acceptable  drop 
depends  on  water  source  and  must  be  determined  for  each  in- 
dividual case.  Due  to  the  high  temperature  of  water  fed  through 
sewage  pipes,  these  can  normally  tolerate  a some-what  larger 
temperature  drop.  However,  since  sewage  pipes  often  are  empty 
for  long  periods,  e.g.,  at  night,  one  should  assume  a tempera- 
ture drop  of  the  same  magnitude  as  for  water  pipes.  Figure  22 
uses  the  average  water  flow  per  2if  hours  during  the  frost  pe- 
riod as  a design  parameter. 
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If  the  water  flow  is  too  low,  the  necessary  heat  can  be  supp- 
lied, e.g.,  by  electrical  heating  cables.  Even  in  extreme 
situations,  when  the  pipes  are  placed  very  shallow  or  on  the 
surface,  the  required  energy  can  be  kept  very  low  by  means 
of  efficient  insulation.  A power  of  2-5  'V/ra  is  normally  suf- 
ficient. If  the  temperature  sensor  is  in  direct  contact  with 
the  water  pipe,  very  short  operating  times  can  be  achieved 
for  the  heating  cable. 
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Figure  22 

Heat  loss  from  water  and  sewage  pipes  in  use 


25  Frost  load 

For  pipes  placed  in  shallow  trenches  in  bedrock,  ground  tem- 
perature extremes  will  be  determining  for  the  design.  One 
may  experience  the  same  frost  quantities  near  the  coast  in 
Northern  Ibrway  as  in  0stlandet^,  while  the  yearly  mean  tem- 


1 ) South-eastern  Norway  (Translator's  note) 
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Legend : 
Figure  22 
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peratures  are  different.  The  location  having  the  highest 
yearly  mean  temperature  will  then  have  the  lowest  tempera- 
ture in  the  upper  layers  of  the  ground.  In  shallow  rock 
trenches  it  is  necessary  to  consider  more  rapid  variations 
in  air  temperature.  This  must  be  taken  into  account  when 
using  the  design  diagrams.  They  are  plotted  with  maximum 
frost  quantity  (see  Publication  NBI  Aa.111)  as  the  only  de- 
sign parameter.  This  means  that  use  of  the  diagram  ; for  lo- 
cations having  small  frost  quantities  and  low  yearly  mean 
temperatures  will  lead  to  some  degree  of  over-design,  although 
not  significant. 

In  cases  where  pipes  are  laid  in  snow-covered  ground,  the 
temperature  variations  at  the  ground  surface  will  be  attenua- 
ted. If  the  thickness  and  thermal  conductance  of  the  snow 
cover  are  known,  the  frost  load  at  the  surface  can  be  reduced. 
However,  if  snow  conditions  are  unknown,  the  design  should 
be  based  on  extremely  cold  winters  and  no  snow. 

24  Mechanical  loads 

The  mechanical  load  on  buried  pipes,  due  to  traffic,  will  in- 
crease sharply  with  decreasing  thickness  of  the  covering  layer, 
see  Figure  2 4 a.  Pipes  should  thus,  whenever  possible,  not 
be  laid  directly  under  road-beds  but  rather  under  edges,  side- 
walks or  preferrably  in  free  ground.  In  rock  trenches,  the 
cover  material  provides  the  primary  protection  against  mecha- 
nical loads.  A covering  layer  thickness  of  0.3  - 0.5  m will 
thus  be  sufficient  in  free  ground.  If  the  pipes  are  laid 
under  parking  lots  or  other  locations  where  traffic  may  occur, 
the  covering  layer  should  be  at  least  0.5  m thick.  Pipes 
laid  under  heavily  traveled  roads  or  streets  should  be  covered 
with  a layer  at  least  0.8  m thick,  assuming  that  plastic  pipes 
are  used. 
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Figure  24  a 

Loads  on  flexible  pipes 

When  Z»d,  the  pipe  load  will  approach  the  lower  curve  for 
traffic  load 

If  the  pipes  pass  through  areas  with  traffic  and  one  requires 
a minimum  thickness  for  the  covering  layer  of  0.5  m,  trench 
materials  should  be  selected  as  shown  in  Figure  24  b.  Water 
and  sewage  pipes  are  here  laid  on  the  same  level  enclosed  by 
box-type  insulation.  Compression  can  be  avoided  by  using 
fine  crushed  rock  with  grain  sizes  5-8  mm  or  8-12  mm  inside 
and  around  the  insulating  material.  The  cross-section  of  the 
latter  can  thereby  be  made  smaller.  For  the  upper  layers 
one  may  use  somewhat  coarser  gravel  or  crushed  rock. 
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2 Fine  crushed  rock,  5-8 
mm  or  8-12  mm  (loosely- 
packed  ) 

3 Insulation 

4 Bedrock 


Figure  24  b 

Shallow  pipe  trench  subjected  to  traffic  load 

Thermal  design  - no  thermal  insulation 

Figures  25a  and  b show  the  heat  which  should  be  given  off 
internally  or  supplied  by  means  of  electrical  heating  cables 
in  order  to  prevent  frost  in  a single  pipe  without  thermal 
insulation  laid  in  a narrow  and  wide  rock  trench,  respective- 
ly. 

Thickness  of  the  covering  layers  are  0.5,  0.8,  1.2  and  1.6  m. 
Evidently,  significant  amounts  of  heat  must  in  general  be 
supplied  to  keep  the  pipes  from  freezing. 
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Figure  25  a 

Required  heat  dissipation  for  preventing  frost  in  a water  pipe 

laid  in  a narrow  rock  trench,  without  insulation 
Covering  layer  thickness:  0.5,  0.8,  1.2  and  1.6  m 


Legends : 

Figure  25  a 

1 Narrow  trench  in  bedrock 

2 Covering  layer  thickness,  Z,  m 

3 Outside  diameter,  mm 

k Sand,  gravel 

5 Bedrock 

6 Frost  quantity,  F10Q,  h°C 

7 Required  heat  supply,  W/m 


Figure  25  b 

1 Wide  trench  in  bedrock 

2 Covering  layer  thickness,  Z,  m 

3 Outside  diameter,  mm 

4 Sand,  gravel 

5 Bedrock 

6 Frost  quantity,  F10Q,  h°C 

7 Required  heat  supply,  W/m 


Figure  25  b 

Required  heat  dissipation  for  preventing  frost  in  a water  pipe 
laid  in  a wide  rock  trench,  without  insulation 
Covering  layer  thickness:  0.5»  0.3,  1.2  and  1.6  m 

26  Thermal  design  - with  thermal  insulation 
261  Single  pipe 

The  amount  of  insulation  required  to  prevent  frost  in  a single 
water  pipe  laid  in  a narrow  or  wide  rock  trench  can  be  deter- 
mined from  Figures  261  a and  b,  respectively.  Heat  can  either 
be  given  off  by  the  pipe  itself,  when  in  use,  or  generated  by 
an  electrical  heating  cable.  The  covering  layer  thickness  is 
0.5,  0.8,  1.2  and  1.6  m.  The  insulation  should  be  placed 
around  the  pipe  to  ensure  minimum  outer  surface  area. 

For  shallow  plastic  sewage  pipes  it  is  normally  sufficient 
to  use  cylindrical  insulating  shells  of  20  mm  thickness. 
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Narrow  trench  in  bedrock 
Covering  layer  thickness , Z,m 
Outside  daimeter,  mm 
Sand , gravel 
Insulation 

Frost  quantity,  F100j  h°C 
Required  water  flow,  W/m 
Insulation  thickness,  mm 


^ Isolation 


Figure  261  a 

Required  heat  dissipation  for  preventing  frost  in  a water  pipe 
laid  in  a narrow  rock  trench,  with  insulation 
Covering  layer  thickness:  0.5,  0.8,  1.2  and  1.6  m 
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Wide  trench  in  bedrock 
Covering  layer  thickness , Z,m 
Outside  diameter,  mm 
Sand,  gravel 
Insulation 

Frost  quantity,  F10Q,  h°C 
Required  water  flow,  W/m 
Insulation  thickness,  mm 
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Figure  261  b 

Required  heat  dissipation  for  preventing  frost  in  a water  pipe 
laid  in  a wide  rock  trench,  with  insulation 
Covering  layer  thickness:  0.5,  0.8,  1.2  and  1.6  m 
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262  Several  pipes  laid  next  to  each  other 

As  a rule,  pipe  trenches  contain  both  water  and  sewage  pipes. 
The  base-line  design  calls  for  all  pipes  to  be  laid  at  the 
same  depth  in  the  trench.  This  simplifies  design  of  the  in- 
sulation, which  should  enclose  the  pipes,  see  Figures  26 2 a 
and  b.  A covering  layer  thickness  of  0.5  m has  been  assumed. 
If  the  pipes  are  subjected  to  traffic  loads,  the  distances 
between  pipes  and  to  the  insulation  should  be  those  shown  in 
the  figures.  The  same  applies  to  choice  of  back-fill  mate- 
rials. 


L 


Figure  262  a 

Required  heat  dissipation  for  preventing  frost  in  insulated  pipes 

laid  in  a narrow  rock  trench 
Covering  layer  thickness:  0.5  m 


-17- 


i 


Legends : 

Figure  262  a 

1 Narrow  trench  in  bedrock 

2 Thermal  resistance  of  insulation,  R,  m,  K/W 

3 Insulation  width,  b,  m 

4 Covering  layer  thickness,  Z = 0.5  m 

5 Frost  quantity,  F10Q,  h°C 

6 Required  heat  supply,  W/m 

7 Fine  crushed  rock,  5-8  mm  or  8-12  mm 

8 Insulation 

9 Bedrock 

10  Insulation  height,  m 

Figure  262  b 

1 Wide  trench  in  bedrock 

2 

2 Thermal  resistance  of  insulation,  R,  m K/W 

3 Insulation  width,  b,  m 

4 Covering  layer  thickness,  Z = 0.5  m 

5 Frost  quantity,  F1Qq,  h°C 

6 Required  heat  supply,  W/m 

7 Fine  crushed  rock,  5-8  mm  or  8-12  mm 

8 Insulation 

9 Bedrock 

10  Insulation  height,  m 


Figure  262  b 

Required  heat  dissipation  for  preventing  frost  in  insulated  pipes 
laid  in  a wide  rock  trench 
Covering  layer  thickness  0.5  m 

Figures  262  a and  b also  show  the  amount  of  internal 

heat  released  for  keeping  the  volume  enclosed  by  the 

insulation  from  freezing,  for  different  frost  quantities  and 

in  narrow  or  wide  rock  trenches,  respectively. 

Figures  262  c and  d show  the  required  heat  dissipation  for  covering 
layers  with  thicknesses  0.8,  1.2  and  1.6  m.  It  is  evident 
that  the  heat  requirements  can  be  reduced  significantly  by 
increasing  the  thermal  resistance  of  the  insulating  layer. 

At  the  same  time,  the  outer  surface  area  of  that  layer  should 
be  minimized. 
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Legends : 
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Figure  262  c 

i 

' 

1 Narrow  trench  in  bedrock 

2 

2 Thermal  resistance  of  insulation,  R,  m K/W 

3 Insulation  width,  b,  m 

4 Covering  layer  thickness,  Z = 0.8,  1.2,  1.6m 

5 Frost  quantity,  F100,  h°C 

6 Required  heat  supply,  W/m 

E ! 

7 Sand , gravel 

8 Insulation 

9 Bedrock 

10  Insulation  height,  m 


Figure  262  d 

1 Wide  trench  in  bedrock 

2 

2 Thermal  resistance  of  insulation,  R,  m K/W 

3 Insulation  width,  b,  m 

4 Covering  layer  thickness,  Z = 0.8,  1.2,  1.6  m 

5 Frost  quantity,  F10Q,  h°C 

6 Required  heat  supply,  W/m 

7 Sand,  gravel 

8 Insulation 

9 Bedrock 

10  Insulation  height,  m 
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Figure  262  c 

Required  heat  dissipation  for  preventing  frost  in  insulated  pipes 

laid  in  a narrow  rock  trench 

Covering  layer  thickness:  0.8,  1.2  and  1.6  m 
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Figure  262  d 

Required  heat  dissipation  for  preventing  frost  in  insulated  pipes 

laid  in  a wide  rock  trench 
Covering  layer  thickness:  0.8,  1.2  and  1.6  m 


-21- 


Example  : 

A row  of  one  family  houses  are  to  be  built  on  bedrock  and  one 

wishes  to  place  branch  pipes  under  a reduced  covering  layer. 

The  houses  will  be  built  near  Oslo,  where  F „ = 25,000  h°C, 

max 

see  Publication  NBI  Aa.111. 

The  following  general  requirements  should  be  placed  on  a pipe 
system  laid  under  a covering  layer  of  reduced  thickness.  First 
of  all,  heat  loss  due  to  ventilation  of  the  sewage  pipes  should 
be  reduced  as  far  as  possible.  This  means  that  the  number  of 
junction  boxes  should  be  as  small  as  possible  and  that  the  boxes 
should  be  air-tight.  It  may  also  be  desirable  to  use  water  locks1 ^ 
or  vacuum  valves  in  the  sewage  pipes.  To  keep  the  amount  of  in- 
sulation low,  the  pipes  should  be  laid  on  the  same  level  (cross- 
over  ).  The  diameter  of  surface  drain  pipes  should  be  kept  small 
where  possible.  This  can  be  achieved  by  allowing  controlled  amounts 
of  water  to  leak  out  into  the  terrain  at  suitable  locations.  If 
these  conditions  are  met,  it  is  advantageous  to  place  the  pipes  in 
a common  insulating  structure.  It  is  also  an  advantage  to  run 
the  pipes  so  that  a common  connection  is  made  to  a row  of  houses, 
rather  than  to  each  house  separately.  This  ensures  the  highest 
possible  water  flow  in  each  branch  line. 

The  pipes  are  subjected  to  traffic  loads  and  the  covering  layer 
will  be  at  least  0.5  m thick*  Each  branch  line  is  connected  to  a 
row  of  10  dwellings.  This  may  in  some  instances  be  too  small  a 
number  to  ensure  a continous  flow  through  the  pipes  at  all  times. 
However,  during  most  winters,  the  heat  given  off  by  the  pipes  will 
be  sufficient  to  prevent  frost  in  the  pipes.  The  average  minimum 
water  flow  during  a 24  hour  period  will  be  0.02  liters/sec,  see 
Figure  22.  If  a temperature  drop  of  2.0°C  is  allowed  over  the 
50  m pipe  run,  Figure  22  shows  an  average  heat  of  about  3*5  *V/m 
given  off  by  the  pipes. 

1)  The  type  of  trap  used  under  a sink  or  toilet 

2)  Refers  to  the  method  of  connecting  branch  lines  illustrated  by 
the  last  Figure.  (Translator’s  notes) 
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When  pipes  are  laid  in  a rock  trench,  the  insulation  should  be 
box-shaped  and  enclose  the  pipes  fully.  In  this  case,  an  insula- 
tion width  of  0.7  m and  a height  of  0.4  m will  be  sufficient  to 
house  the  pipes,  see  Figure  24  b. 

From  Figure  12  b one  finds  that  a 0.3  m thick  covering  layer  on 
top  of  the  insulation  will  subject  the  latter  to  a pressure  of 

p 

160  kN/m  , which  means  that  expanded  polystyrene  should  not  be 

used  for  the  top  plate,  see  Table  12.  When  the  pipes  are  placed 

in  a wide  rock  trench  and  the  covering  layer  is  0.5  m thick, 

2.4  W/ra  must  be  supplied  under  extreme  temperature  conditions  and 

2 

for  a thermal  resistance  in  the  insulation  of  2.8  m K/W,  see 
Figure  262  b. 

If  the  insulation  has  a thermal  resistance  of  1 .4  m K/W,  a heat 
supply  of  4.8  W/m  will  be  required.  For  an  internal  heat  genera- 
tion of  3*5  W/m  to  be  sufficient,  the  thermal  resistance  should 
be  about  2.0  m K/W,  see  Figure  262  b.  For  extruded  polystyrene 
this  means  a thickness  of  about  70  mm,  see  Figure  12  a.  In  this 
case,  no  moisture  protection  is  required.  If  this  insulation 
thickness  were  used,  the  pipes  would  be  protected  against  freezing 
under  normal  circumstances.  However,  due  to  the  relatively  small 
number  of  dwellings  connected  to  each  branch  line,  a serious  situ- 
ation could  arise  if  several  families  are  absent  simultaneously 
during  the  winter  months.  It  may  thus  be  necessary  to  use  an  elec- 
trical heating  cable  as  an  extra  insurance  measure.  This  cable 
could  for  example  be  put  in  operation  only  when  the  pipes  are  fro- 
zen. Cables  should  be  designed  for  a some-what  higher  power  than 
that  required  to  prevent  freezing,  e.g.,  5-6  W/ra,  to  ensure  rapid 
thawing  of  the  pipes.  In  case  the  heating  cable  must  operate  more 
or  less  permanently  it  could  be  controlled  by  a thermostat  whose 
sensor  is  placed  near  the  water  pipes.  That  normally  leads  to 
heater  activation  only  in  those  cases  when  the  pipes  are  not  used 
for  extended  periods. 


WATER  AND  SEWAGE  PIPES 

Frost  prevention  for  privately  NBI1 2 ^ Publication  (58)203 

owned  pipes  laid  in  the  ground 

October  1976 

0 GENERAL 

01  This  publication  discusses  frost  prevention  for  privately 
owned  water  and  sewage  pipes  laid  in  the  ground. 

2) 

02  When  pipes  are  laid  shallow  in  ground  that  is  not  prone  to 
frost-heaves,  it  is  sufficient  to  ensure  that  the  pipes  will 
not  freeze.  In  materials  prone  to  frost-heaves  it  may  also 
be  required  that  the  ground  below  the  pipes  does  not  freeze. 

This  is  necessary  in  order  to  prevent  frost  damage  and  back- 
ups. 

03  Related  publications : 

NBI  Aa.111:  "Frost  loads.  Data  for  frost  prevention.",  with 
Tables. 

NBI (58) .204:  "Water  and  sewage  pipes.  Frost  penetration  for 
privately  owned  pipes  laid  in  bedrock." 

1)  Norges  Byggforskningsinstitutt : Norwegian  Building  Research  institute. 


2)  That  is,  above  the  frost  penetration  level.  (Translator's 
notes) 
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I MATERIALS 

I I Soil  materials 

Frost  penetration  depends  critically  on  local  soil  materials. 
Water  content  and  thermal  conductivity  of  the  materials  deter- 
mine frost  penetration,  particularly  when  the  ground  is  fro- 
zen. For  most  materials,  the  thermal  conductivity  tends  to  in- 
crease with  increasing  water  content  and  density.  However, 
higher  water  content  tends  to  reduce  frost  penetration,  while 
increased  thermal  conductivity  acts  in  the  opposite  direction. 
These  factors  will  partially  counteract  each  other  with  respect 
to  frost  penetration.  Thus,  for  the  same  climate,  the  frost 
depth  in  these  materials  will  be  about  the  same,  even  if  com- 
paratively wide  variations  in  water  content  occur.  If  sandy 
gravel  is  used  as  a reference  material,  it  is  possible  to  de- 
fine correction  factors  for  determining  the  frost  depth  in 
different  types  of  materials,  see  Table  1 1 a. 

A layer  of  material  having  low  thermal  conductivity  above  a 
moisture  material  presents  an  advantage.  This  can,  for  example, 
be  obtained  by  means  of  drainage  or  an  insulating  layer.  An- 
other possibility  for  reducing  frost  penetration  in  pipe  tren- 
ches is  to  change  the  surrounding  soil  material.  The  existing 
soil  is  replaced  by  materials  having  more  desirable  thermal 
properties,  such  as  peat,  clay,  etc.  For  this  method  to  be 
effective,  either  the  replacement  materials  must  be  capable  of 
retaining  moisture  or  the  trench  must  be  wide  enough  to  ensure 
a nearly  one-dimensional  heat  flow  near  the  center  of  the  trench. 
The  design  curves  assume  base  materials  such  as  relatively  dry 
clay  and  sandy  gravel,  with  the  properties  shown  in  Table  11  b. 

Where  the  ground  consists  of  other  soil  materials,  design  data 
can  be  derived  from  those  given  for  dry  clay  or  sandy  gravel. 

The  depth  is  found  from  tables  in  publication  NBI  Aa.111  and 
correction  factors  are  listed  in  Table  1 1 a.  Corresponding 
frost  quantity  is  given  by  Figures  23  a and  b. 


Table  1 1 a 

Correction  factors  for  determining  frost  depth  in  different 
materials. 

Maximum  frost  depth  for  sandy  gravel  without  snow  cover, 

Z sand/gravel  is  obtained  from  tables  in  publication  NBI  Aa.111. 
Frost  depth  = Zsand/gravel  • \ 


Type  of  material  Correction 

factor  k 

z 

1.  Rock  (crushed  rock,  rock  fill,  coarse  gravel)  1.4 

2.  Sand  and  gravel  (sandy  gravel,  coarse  moraine)  1.0 

3.  Silt  (fine  moraine,  sandy  moraine)  0.85 

4.  Clay  and  mixed  soils  (moraine  with  clay)  0.7 

5.  Peat,  bark  0.3 


Table  1 1 b 

Material  parameters  used  for  deriving  the  design  curves 

Type  of  Dry  density  Thermal  conduc-  V/ater  content 

material  p^,  kg/m-^  tivity,  '.V/mK  by  weight 

X frozen  x unfrozen  W (percent) 
Sand,  gravel  1700  1.7  1.6  8 

Clay  1500  1.3  1.6  20 

12  Insulation  materials 


Table  12  summarizes  properties  of  various  insulation  materials-, 
while  Figure  12  shows  the  relation  between  insulation  thick- 
ness and  nominal  thermal  resistance. 
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Legend : 

Figure  12  a 

1 Insulation  thickness,  mm 

2 Light  aggregate  without  moisture  protection 

3 Light  aggregate  with  moisture  protection 

4 Mineral  wool  in  the  ground 

5 Glass  foam 

6 Mineral  wool  in  air 

7 Expanded  polystyrene.  Single,  continuously  cast  slab. 

8 Extruded  polystyrene.  Single,  continuously  cast  slab. 
Polyurethane 

2 

9 Thermal  resistance,  m K/W 
Figure  12  b 

11  Wrap-around  moisture  protection 

12  Moisture  barrier 

13  Insulation 

14  Two-sided  moisture  protection 

15  One-aided  moisture  protection 
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Figure  12  b 

Methods  for  protecting  insulation  materials  against  moisture 
by  means  of  moisture- tight  foils.  The  moisture  barrier  is 
normally  placed  on  the  side  which  has  the  highest  summer 
temperature  (upper  side). 

2 IMPLEMENTATION 

21  Frost  prevention  methods 

Traditionally,  frost  damage  is  prevented  by  placing  pipes 
below  maximum  local  frost  depth.  This  requires  accurate 
knowledge  of  factors  which  affect  the  frost  depth.  When 
pipes  are  laid  significantly  above  the  frost  limit,  thermal 
insulation  must  be  employed.  The  insulation  configuration 
is  determined  by  heat  flow  conditions.  As  a rule,  frost 
prevention  in  pipe  trenches  is  aided  by  heat  from  the  ground, 
as  well  as  heat  given  off  by  water  and  sewage  pipes  in  use. 

In  such  cases,  a wide,  horizontal  insulation  layer  above 
the  pipes  may  be  suitable.  This  type  of  insulation  is  par- 
ticularly advantageous  when  the  pipes  are  laid  in  materials 
prone  to  frost-heaves.  If  the  soil  is  not  prone  to  frost- 
heaves,  it  will  not  be  necessary  to  ensure  that  the  ground 
below  the  pipes  remains  unfrozen.  From  a thermal  point  of 
view,  it  may  then  be  advantageous  to  employ  a horseshoe 


shaped  insulation  layer  over  the  pipes.  Such  a configura- 
tion will  result  in  lower  heat  transfer  to  the  ground  than 
for  a horizontal  insulation  layer.  The  choice  of  insulation 
method  for  pipe  trenches  will  depend  on  how  much  heat  is 
given  off  by  the  pipes  and  how  much  heat  should  be  supplied 
by  the  ground.  If  frost  prevention  is  to  be  accomplished 
by  ground  heat  only,  the  materials  below  the  pipes  must  re- 
main unfrozen. 

22  Heat  sources 

When  pipes  are  placed  above  local  maximum  frost  depth,  some 
supply  of  heat  will  be  required.  In  pipe  trenches,  heat  is 
normally  supplied  both  from  the  ground  and  from  water  or 
sewage  pipes  being  used.  Heat  supplied  from  the  ground  con- 
sists of  several  components,  see  Figure  22  a.  As  a rule,  a 
disproportionate  amount  of  insulation  is  required  to  prevent 
the  O-isotherm  from  penetrating  the  insulation  layer  in  a 
pipe  trench.  A large  portion  of  the  available  ground  heat 
will  consist  of  latent  heat  given  off  when  soil  materials 
below  the  insulation  layer  freeze,  '.'/hen  one,  as  in  the  case 
of  pipe  trenches,  can  allow  a certain  amount  of  freezing 
below  the  insulation  layer,  the  time  of  year  when  the  insula- 
tion is  laid  down  will  not  be  important,  as  long  as  the  ground 
below  the  insulation  is  unfrozen  at  that  time. 

1 Heat  released  by  cooling  of 
frozen  soil 

2 Released  latent  heat  of 
freezing 

3 Heat  released  by  cooling  of 
unfrozen  soil 

4-  Geothermal  heat 
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Figure  22  a 

Available  heat  from  the  ground 
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Figure  22  b illustrates  the  amounts  of  heat  which  can  be 
given  off  by  smaller  size  water  and  sewage  pipes  in  use. 

For  water  pipes  one  can  normally  tolerate  a drop  in  tem- 
perature of  0.5  - 2.0  °C  along  a shallow  stretch.  The 
acceptable  drop  depends  on  the  water  source  and  must  be 
determined  for  each  individual  case.  Due  to  the  high  tern- 

» 

perature  of  water  that  is  fed  through  sewage  pipes,  these 
can  normally  tolerate  a some-what  larger  temperature  drop. 

» 

However,  since  sewage  pipes  often  are  empty  for  long  periods, 
e.g.,  at  night,  one  should  assume  a temperature  drop  of  the 

t 

same  magnitude  as  for  water  pipes.  Figure  22  b uses  the 
average  water  flow  per  2if  hours  during  the  frost  period  as 
design  parameter. 

Heat  from  electrical  cables  may  also  be  a contributing  fac- 
tor and  such  cables  should  be  placed  near  the  pipes,  when- 
ever possible.  In  special  cases  it  may  also  be  necessary 
to  add  heat  by  means  of  electrical  heating  cables. 

23  Frost  load 

Frost  load  parameters  used  when  designing  pipe  systems  in 
the  ground  are  the  maximum  frost  quantity  F1Q0  and  normal 
yearly  mean  temperature  The  frost  quantity  F^q  is 

statistically  only  exceeded  once  in  a hundred  years,  see 
publication  NBI  Aa.111.  When  maximum  frost  quantity  and 
yearly  mean  temperature  are  known  for  a given  location, 
extreme  values  for  frost  penetration  in  sand,  gravel  and 
clay  can  be  determined  from  Figures  23  a and  b.  For  a 
certain  frost  quantity,  the  frost  penetration  is  largest 
for  low  yearly  mean  temperatures.  Frost  penetration  in  re- 
latively dry  materials,  such  as  sand  or  gravel,  is  very  de- 
pendent on  frost  load  variations.  Maximum  frost  penetra- 
tion in  sand  and  gravel  can  thus  give  good  indications  on 


the  local  frost  load  on  structures  which  depend  only  on  ground 


Legends : 


Figure  22  b 

1 Allowed  temperature  fall,  A'**,  °C 

2 Pipe  length,  1 (m) 

3 Mean  water  flow  over  24  hours,  v , liters/sec 

4 Heat  loss,  q,  W/m 

5 Allowed  temperature  fall 


1 = Pipes  length 

q = Heat  loss  per  m 

v = Mean  water  flow 

6  Total  number  of  dwellings  connected  to  water  and  sewer  lines 


Figure  2^  a 

1 Sand,  gravel 

2 Frost  quantity,  F100,  h°C 

3 Frost  depth,  m 

4 Yearly  mean  temperature,  °C 
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heat  for  frost  prevention.  Empirical  values  for  larger 
frost  depths  in  sandy  gravel  are  listed  in  tabular  form  in 
publication  NBI  Aa. 1 1 1 . 
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Where  pipes  are  placed  in  snow-covered  ground,  the  frost 
depth  will  be  reduced  significantly.  Stable  snow  conditions 
lead  to  a higher  yearly  mean  temperature  in  the  ground  than 
in  the  air.  To  evaluate  the  effects  of  snow,  one  must  know 
the  average  snow  depth  during  the  frost  period,  as  well  as 
the  thermal  conductivity  of  the  snow,  see  Table  23.  Par- 
ticularly in  locations  with  high  snow  load,  the  ability  to 
count  on  a snow  cover  can  be  very  important.  If  the  pipe 
system  is  laid  so  that  it  can  be  thawed,  one  can  take  into 
account  the  effects  of  a reasonably  thick  snow  cover  when 
designing  for  frost  prevention.  Figures  23  c and  d show 
frost  penetration  in  sand,  gravel  and  clay  when  the  ground 
is  covered  by  an  insulating  layer,  e.g.  snow. 

Table  23 


Thermal  conductivity  for  snow  with  varying  density 

The  conductivity  also  depends  on  snow  quality  for  the  same 

density 


Snow 

Density,  kg/m^ 

Thermal  conducttivity 
W/mK 

New  snow 

100 

0.8  - 0.22 

Snow  in  cold  weather 

Repeated  thawing  and 

200 

0.10  - 0.20 

freezing 

200  - 300 

0.25  - 0.30 

Example:  If  the  maximum  frost  quantity  F^qq  is  25>000  h^1^ 
and  the  yearly  mean  temperature  is  4.5 °C,  the  frost  penetra- 
tion in  sand  and  gravel  is  about  1.8m.  If  an  insulation 

p 

layer  with  a thermal  resistance  of  1.4  m K/W  is  placed  on 


1)  h"C  = degree-hours,  Celsius  (Translator's  note) 


r 
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the  surface  of  the  ground,  the  frost  penetration  in  sand 
and  gravel  is  reduced  to  approximately  0.5  m.  This  corre- 
sponds to  a 140  mm  thick  layer  of  snow  with  a thermal  con- 
ductivity of  0.1  W/mK. 


1 

2 


Clay 


Frost  quantity, 

AA  1 h C 


3 

4 


100’ 

Frost  depth  (m) 

Yearly  mean 
temperature. 

°C 


Figure  23  b 

Frost  penetration  in  clay 
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Legends : 


Figure  28  c 

1 Sand,  gravel 

2 Insulation  (snow) 

3 Frost  depth 

4 Sand,  gravel  or  similar 

. "3 

Dry  density,  p d = 1700  kg/ nr 

Water  content,  w = 8 percent  by  weight 

5 Thermal  resistance  of  the  insulation 

6 Yearly  mean  temperature , °C 

7 Frost  quantity,  F1qq,  h°C 

8 Frost  depth,  m 


Figure  28  d 

1 Clay 

2 Insulation 

3 Frost  depth 

4 Clay 

Dry  density,  = 1500  kg/m^ 

Water  content,  w = 20  percent  by  weight 

5 Thermal  resistance  of  the  insulation 

6 Yearly  mean  temperature,  C 

7 Frost  quantity,  F1Q0,  h°C 

8 Frost  depth,  Z , m 


p4  • tSOOkg/m^ 
w • 20  v*kt  */• 


Figure  23  d _ 

Frost  penetration  in  insulated  ground 
Soil  material:  Clay 

2k  Thermal  design  - pipe  trenches  where  no  internal  heat  is 
generated 

This  case  includes  pipes  carrying  small  quantities  of  water 
as  well  as  intermittent  or  interrupted  water  flow.  The  tra- 
ditional frost  prevention  method  is  to  place  the  pipes  below 
maximum  local  frost  depth.  This  requires  knowledge  of  ground 
conditions  along  the  pipe  route.  From  a thermal  point  of  view 
it  is  advantageous  to  utilize  moist  fill  materials  within  the 
trench,  such  as  peat,  bark,  clay  etc.  This  is  particularly 
true  when  the  pipes  are  in  a region  with  snow  cover  and  thus 
only  subjected  to  thermal  load  by  the  ground.  If  the  pipes 
pass  through  regions  without  snow  cover,  it  may  be  advanta- 
geous to  use  materials  with  low  thermal  conductivity  for  the 
upper  layer  of  the  fill,  e.g.  crushed  rock  or  an  insulation 
material.  The  choice  of  overlay  fill  materials  may  also  be 
dictated  by  structural  considerations. 
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Figure  24  a shows  thermal  resistance  and  width  required  in 
an  insulating  layer  to  reduce  the  frost  depth  at  the  center 
of  that  layer  to  0.5»  0.8,  1.2  and  1.6  meters,  respectively, 
as  function  of  frost  load.  For  a frost  depth  of  0.5  m, 
the  insulation  is  placed  0.4  meters  below  the  surface.  In 
the  other  cases,  the  insulation  is  placed  at  a depth  of  0.5  m. 
The  ground  material  is  assumed  to  be  sandy  gravel.  Corre- 
sponding data  for  clay  are  shown  in  Figure  24  b. 
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Figure  24  a 

Insulation  width  and  thermal  resistance  required  for 
limiting  frost  depths  to  0.5,  0.8,  1.2  and  1.6  m under  the  cen- 
ter of  a horizontal  insulation  layer,  as  a function  of  frost 
load. 

Soil  material:  Sand  and  gravel 


Figure  24  a 


1 Sand,  gravel 

2 Insulation 

3 Sand,  gravel  or  similar 

Dry  density,  p d = 1700  kg/m^ 

Water  content,  w = 8 percent  by  weight 

p 

4 Thermal  resistance  of  the  insulation,  R , m K/W 

5 Yearly  mean  temperature,  ° C 

6 Frost  quantity,  w °c 

7 Insulation  width,  b,  m 

Figure  24  b 

1 Clay 

2 Insulation 

3 Clay 

Dry  density,  Pd  = 1500  kg/ra^ 

Water  contact,  w = 20  percent  by  weight 

2 

4 Thermal  resistance  of  the  insulation,  R , m K/W 

5 Yearly  mean  temperature,  °C 

6 Frost  quantity,  F^q,  h°C 

7 Insulation  'width,  b , m 

Figure  24  c 

1 Sand , gravel 

2 Insulation 

2 

3 Thermal  resistance  of  insulation,  R , ra  K/W 

4 Soil  materials: 

Sand,  gravel  and  similar 
Dry  density,  Pd  = 1700  kg/m^ 

Water  content,  w = 8 percent  by  weight 

5 Yearly  mean  temperature,  C 

6 Frost  quantity,  F^qq,  h"C 

7 Insulation  width,  b,  m 


Figure  24  b 

Insulation  width  and  thermal  resistance  required  for 

limiting  frost  depths  to  0.5,  0.8,  1.2  and  1.6  m under  the 
center  of  a horizontal  insulation  layer,  as  a function  of 
frost  load. 

Soil  material:  Clay 


For  one- dimensional  heat  flow  and  a wide  insulating  layer, 
the  largest  total  reduction  in  frost  depth  is  obtained  by 
placing  the  insulation  as  high  up  in  the  ground  as  possible. 
The  largest  effect  of  moist  materials  is  also  obtained  when 
these  are  placed  below  the  insulation  layer.  The  heat  flow 
in  pipe  trenches  will  normally  be  two-dimensional,  unless 
wall  and  trench  insulations  are  combined.  In  that  case  it 
will  be  better  to  place  the  insulating  layer  some-what  deeper 
in  the  ground  in  order  to  reduce  freezing  from  the  sides  and 
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heat  loss  from  materials  below  the  insulation.  This  is  due 
to  the  fact  that  most  soil  materials  have  significantly 
higher  thermal  conductivity  when  frozen  than  in  the  unfro- 
zen state. 

As  a rule,  the  amount  of  insulation  materials  is  reduced 
considerably  by  increasing  the  width  of  the  insulation.  On 
the  other  hand,  excavating  costs  increase  with  trench  width. 
Instead  of  increasing  the  width  of  the  insulation  one  can 
fora  it  like  a horseshoe  over  the  pipes.  The  insulation 
should  then  be  extended  downwards  on  both  sides  of  the  pipes. 
Figure  24  c shows  width  and  thermal  resistance  required  in 
a horseshoe-shaped  insulation  layer  to  reduce  the  frost  pene- 
tration to  0.5»  0.8,  1.2  and  1.6  m,  for  different  frost  loads 


Figure  24  c 

Insulation  width  and  thermal  resistance  required  for 

limiting  frost  depths  to  0.5,  0.8,  1.2  and  1.6  m under  the  cen- 
ter of  a horseshoe-shaped  insulation  layer,  as  a function  of 
frost  load. 

Soil  materials : Sand  and  gravel 
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In  these  cases,  the  ground  heat  alone  provides  the  frost 
prevention.  Materials  below  the  pipes  are  thus  always  un- 
frozen. As  evident  from  the  diagrams,  a relatively  large 
amount  of  insulation  is  required  in  sand  and  gravel  materials, 
when  ground  heat  alone  is  relied  upon  for  frost  prevention. 

25  Thermal  design  - pipe  trenches  where  internal  heat  is  ge- 
nerated 

As  a rule,  heat  given  off  from  water  and  sewage  pipes  in 
use  combines  with  ground  heat  to  prevent  freezing.  This  has 
been  accounted  for  in  Figures  25  a,  b,  and  c,  for  insulation 
widths  of  0.5,  0.8,  1.2  and  1.6  m.  In  clay  materials  it  is 
in  general  most  advantageous  to  use  a horizontal  layer  of 
insulation  above  the  pipes,  see  Figure  25  b.  The  diagram 
assumes  that  the  materials  below  the  pipes  are  unfrozen.  In 
the  case  of  a horizontal  insulating  layer  above  the  pipes, 
the  amount  of  insulation  material  can  be  reduced  by  increa- 
sing the  width,  rather  than  the  thickness,  of  the  insulation. 
In  sand  and  gravel,  a horseshoe-shaped  insulation  layer  is 
advantageous,  see  Figure  25  c. 

The  best  location  for  the  insulation  within  the  trench  de- 
pends to  some  degree  on  the  amount  of  heat  generated  by  the 
pipes.  If  the  insulating  layer  is  relatively  narrow,  so  that 
the  ground  heat  contribution  is  small,  the  insulation  should 
be  placed  close  to  the  pipes.  However,  the  pipes  should  be 
covered  by  other  materials  with  a thickness  of  at  least  0.2  ra 
before  the  insulation  is  applied.  When  the  ground  is  the 
principal  source  of  heat,  i.e.,  when  the  insulating  layer  is 
relatively  wide,  the  latter  can  be  placed  higher  in  the 
trench.  The  insulation  should  be  covered  by  other  material 
that  is  at  least  0.3  m thick.  Sand  and  gravel  materials 
are  assumed  not  to  be  frost-heave  prone.  If  one  also  in 


-21- 


. SAND.  GNUS  1 


2 


IftOlOSj 


on»n* 


motttaiHf  ft, 


varmtslrom- 
m2  K/W 


-2.1 


— 2.1 


Figure  25  a 

Required  heat  dissipation  for  frost  prevention  in  pipes  insula- 
ted by  means  of  a horizontal  insulating  layer,  as  function 
of  insulation  width  and  thermal  resistance 
Soil  materials:  Sand  and  gravel 

Pipe  depth  below  surface,  Z:  0.5>  0.8,  1.2  and  1.6  m 

this  case  requires  that  no  freezing  occurs  below  the  pipes, 
the  ground  will  have  to  supply  a significant  portion  of  the 
required  heat.  This  can  be  accomplished  by  increasing  the 
width  of  the  insulating  layer.  If  that  layer  is  designed  to 
require  a heat  contribution  from  the  pipes  of  2-3  W/m,  the 
materials  below  the  pipes  will  not  freeze.  Unfrozen  materials 
under  the  pipes  can  also  be  obtained  if  the  heat  generated 
by  the  pipes  is  50  percent  higher  than  the  minimum  values 
given  by  the  diagrams. 
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Figure  25  a 

1 Sandr  gravel 

2 Insulation 

p 

3 Thermal  resistance  of  insulation,  R,  m K/W 

4 Yearly  mean  temperature,  JC 

5 Insulation  width,  b,  m 

6 Frost  quantity,  h°C 

7 Required  heat  supply,  W/m 

Figure  25  b 

1 Clay 

2 Insulation 

p 

3 Thermal  resistance  of  insulation,  R,  m K/W 

4 Yearly  mean  temperature  , ° C 

5 Frost  quantity,  h°C 

6 Insulation  width,  b , m 

7 Required  heat  supply,  W/m 

Figure  25  c 

1 Sand,  gravel 

2 Insulation 

3 Thermal  resistance  of  insulation,  R,  m2  K/W 

4 Yearly  mean  temperature,  °C 

5 Insulation  width,  b,  m 

6 Frost  quantity,  h°C 

7 Required  heat  supply,  W/m 
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Figure  25  b 

Required  heat  dissipation  for  frost  prevention  in  pipes  insulated 
by  means  of  a horizontal  insulating  layer,  as  function  of 
insulation  width  and  thermal  resistance 
Soil  material:  Clay 

Pipe  depth  below  surface,  Z:  0.5»  0.8,  1.2  and  1.6  m 


by  means  of  a horseshoe-shaped  insulating  layer,  as  function 

of  insulation  width  and  thermal  resistance 

Soil  materials:  Sand  and  gravel 

Pipe  depth  below  surface:  0.5,  0.8,  1.2  and  1.6  m 

26  Examples 

261  Ground  conditions 

A housing  project  is  to  be  constructed  in  a region  where 
ground  conditions  are  some-what  variable.  The  soil  consists 
mainly  of  fine  sand  and  silt  with  high  water  table.  The 
latter  has  been  measured  and  found  to  average  about  1 .2  m 
below  the  surface  over  the  year.  Most  of  the  soil  can  be 
considered  extremely  prone  to  frost-heaves.  Water  content 
in  other  types  of  occurring  materials  has  been  found  to  be 
10  percent  by  weight. 
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The  houses  are  to  be  built  with  slab  foundations  \ The  site 

2 ) 

is  located  in  the  community  of  Ullensaker.  To  avoid  - - - 
the  trench  depth  is  chosen  to  be  1.2  ra.  In  this  case,  the 
most  suitable  choice  of  insulation  for  the  pipe  trenches 
would  be  one  which  prevents  freezing  of  the  pipes  as  well  as 
frost-heaves. 

Design  frost  quality,  Fd^ffl  = F|qq  * 32,000  h°C 
(see  Publication  NBI  Aa.111) 

For  ground  materials  such  as  sand  and  gravel,  the  frost  depth 
would  be  about  2.0  m.  This  can  also  be  determined  from  Fig- 
ure 2 3 a.  If  the  ground  consists  of  silt,  the  frost  penetra- 
tion will  be  reduced  by  a factor  of  0.85 » which  results  in  a 
maximum  frost  depth  of  1.7  m.  Where,  as  in  a few  places, 
the  ground  material  is  fine  sand,  one  can  assume  a local  ma- 
ximum frost  depth  of  1.8  m.  (Figure  11  a) 

A maximum  frost  depth  of  1.8  m in  sand  or  gravel  corresponds 
to  a frost  quantity  of  about  24, 000  h°C.  This  frost  load 
can  be  used,  as  a good  approximation,  for  designing  the  pipe 
system  when  the  soil  material  fine  silt/sand  is  encountered, 
rather  than  the,  in  this  context,  less  favourable  sandy  gravel. 
(Figure  23  a) 

1)  Literal  translation  "floor  on  the  ground",  i.e., 
no  basements. 

2)  "Spun ting"  normally  refers  to  dressing  the  walls  of  a 
trench  with  boards  or  other  materials,  primarily  to  pre- 
vent cave-ins.  In  this  case,  the  context  implies  that 
trenches  deeper  than  1.2  m (average  water  table,  see 
previous  paragraph)  would  have  to  be  dressed  with 

U - channels  (e.g.  concrete)  to  keep  ground  water  out. 
(Translator's  notes) 
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262  Negligible  heat  generated  by  water  and  sewage  pipes 

Frost  prevention  by  means  of  horizontal  insulating  layer: 

Width  of  insulating  layer:  1 .4  m 

p 

Required  thermal  resistance:  2.8  m K/W  (Figure  24  a) 

Required  thickness,  extruded  polystyrene:  100  ram  (Table  12) 

expanded  polystyrene:  120  ram  (Figure  12  a) 

If  expanded  polystyrene  is  used,  moisture  proofing  is  re- 
quired. 

Width  of  insulating  layer:  2.0  m 

p 

Required  thermal  resistance:  1.4  m K/W  (Figure  24  a) 

Required  thickness,  extruded  polystyrene:  50  mm  (Table  12) 

The  insulation  must  be  protected  against  moisture  (Figure  12  a) 

By  using  the  wider  insulating  layer,  the  volume  is  reduced 
by  about  50  percent. 

Frost  prevention  by  means  of  horseshoe-shaped  insulating 
layer: 

Width  of  insulating  layer  1.0  m 

Required  thermal  resistance:  2.1  m K/W  (Figure  24  c) 

Required  thickness,  extended  polystyrene:  75  mm  (Table  12) 

No  need  for  moisture  protection  (Figure  12  a) 

265  Heat  generated  by  water  and  sewage  pipes 

In  a development  where  the  houses  are  closely  spaced,  the 
pipe  system  is  best  designed  so  that  several  houses  are  con- 
nected to  the  same  branch-pipe,  see  Figure  52.  One  can  then 
base  the  thermal  design  on  a certain  heat  being  generated 
from  the  pipes. 

In  this  case  one  may  assume  that  each  water  and  sewage  pipe 
is  connected  to  10  dwellings.  This  results  in  a minimum  flow 
rate,  averaged  over  24  hours,  of  0.02  liters/sec,  (Figure  22  b) 
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If  a horizontal  insulating  layer  is  used: 

p 

Width  1.2  m,  thermal  resistance  1.4  m K/W  (Figure  25  a) 
Required  thickness,  extruded  polystyrene:  50  mm  (Table  12) 
The  insulation  should  be  protected  against  moisture  (Fi- 
gure 12  a) 

If  horseshoe-shaped  insulation  is  used: 

Width  0.7  m,  thermal  resistance  1.4  m2  K/W  (Figure  25  c) 
Required  thickness,  extruded  polystyrene:  50  mm  (Table  12) 
The  insulation  should  be  protected  against  moisture  (Figure 
12  a) 

Width  1.0  m,  thermal  resistance  0.7  K/W  (Figure  25  c) 
Required  thickness,  extruded  polystyrene:  25  mm  (Table  12) 
Moisture-proofing  is  required  (Figure  12  a) 

Due  to  relatively  rapid  moisture  penetration  in  thin  insu- 
lation slabs,  the  insulation  should  not  be  less  than  40  - 
50  mm  thick. 


r 
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Figure  32 

Pipe  network  suitable  for  closely  spaced  one  family  houses. 
Pipes  should  be  placed  under  house  foundations  and,  where- 
ever  possible,  away  from  road-beds. 


FROST  LOAD  NBI1 ^Publication  Aa.111 


Data  for  frost  prevention,  with  tables 

October  1976 

0 GENERAL 

01  This  publication  contains  frost  load  data  in  tabular  form  for 
all  communities^  in  Norway.  Emphasis  has  been  placed  on 
data  which  apply  to  frost  prevention  of  structures  in  the 
ground,  such  as  pipes,  foundations  and  roads. 

02  Communities  are  arranged  by  fylke-^,  using  the  official  num- 
bering system  defined  in  1975.  Some  of  the  measuring  stations 
operated  by  the  Meteorological  Institute  are  included  in  the 
communities  where  they  are  located. 

03  Data  shown  for  the  measuring  stations  are  actually  measured 
values.  For  other  locations,  the  data  are  based  on  extra- 
polations from  measurements  at  near-by  stations  in  the  net- 
work operated  by  the  Meteorological  Institute  across  the 
country. 

1)  Norges  Byggforskningsinstitutt:  Norwegian  Building  Research  institute 

2)  "Koramune",  here  translated  "Community",  has  all  over  Scandi- 
navia replaced  previous  local  administrative  units  such  as 
cities,  towns  and  villages. 

3)  "Fylke"  is  an  administrative  unit  comprising  several  communi- 
ties, similar  to  county  in  the  US.  (Translator's  notes) 
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04  72  hour  averages 

-*?j  is  the  lowest  average  air  temperature  over  a 72  hour 
period. 

is  used  when  designing  frost  preventing  structures  for 
pipes  in  direct  contact  with  the  air,  e.g.,  for  open  foun- 
dations, as  well  as  for  calculating  heating  requirements  in 
buildings. 

05  Frost  quantity  and  yearly  mean  temperature 

The  frost  quantity  is  the  area  between  the  temperature  curve 

O 

for  the  frost  season  and  the  line  for  0 C,  see  Figure  05. 

Frost  quantities  are  normally  calculated  form  the  monthly 
mean  temperatures  and  is  measured  in  degree-hours,  hcC  (hours 
multiplied  by  degrees  Celsius). 

Data  on  frost  quantities  over  a number  of  years  are  used  for 
determining  the  probability  that  a certain  frost  quantity  will 
be  exceeded. 

- frost  quantity  which,  on  the  average,  occurs  once  in 
two  years  (approximately  equal  to  the  mean  frost  quan- 
tity). 

F^  - frost  quantity  which,  on  the  average, occurs  once  in  a 
five  year  period. 

Fjq  - frost  quantity  which,  on  the  average,  occurs  once  in  a 
ten  year  period. 

F100  ” frost  quantity  which,  on  the  average,  occurs  once  in  a 

hundred  years  (approximately  the  maximum  frost  quanti- 
ty). 

The  yearly  mean  temperature,  ^m,  (average  yearly  temperature 


Frost  quantity  and  yearly  mean  temperature  are  used  when 
designing  frost  preventing  structures  for  pipes,  founda- 
tions and  roads. 


Figure  05 

Relation  between  frost  quantity  and  actual  ajr  temperature 
06  Frost  depth 

The  frost  depths  Z^q  are  calculated  values,  assuming  sand 
and  gravel  to  be  the  ground  materials.  Frost  load  parame- 
ters used  are  the  frost  quantity  F^q  and  normal  yearly  mean 
temperature,  *i?m.  It  is  also  assumed  that  the  ground  is  not 
covered  by  snow.  For  ground  materials  other  than  sand  and 
gravel,  Figure  06  shows  the  correction  factor  used  to  deter- 
mine frost  depth. 

^100  “ ^100  sand,  gravel  ’ ^z 

k = correction  factor  for  different  ground  materials 
z 


Material 


Correction  factor,  k 

’ z 


1. 

Rock  (Crushed  rock,  rock  fill, 

coarse  gravel) 

1.4 

2. 

Sand  and  gravel  (Sandy  gravel, 

coarse  moraine) 

1.0 

3. 

Silt  (Fine  moraine,  sandy 

soil) 

0.85 

4. 

Clay  and  mixed  soil  (Moraine 

containing  clay) 

0.7 

5. 

Peat 

0.3 

Figure  06 

Correction  factors  for  determining  frost  depth  in  different 
soil  materials. 

07  The  effect  of  snow 

A snow  cover  will  significantly  reduce  the  frost  depth.  To 
estimate  the  frost  depth  in  ground  covered  by  snow,  the  fol- 
lowing relation  can  be  used  to  find  the  ground  surface  frost 
quantity  from  that  in  the  air: 

F - k • F 

surface  " F air 

kF  = correction  factor  for  snow  cover 

Figure  07  shows  the  correction  factor  kF  as  a function  of  the 
average  snow  cover  thickness  during  the  winter.  Local  condi- 
tions will  determine  whether  or  not  a snow  cover  should  be 
taken  into  account  when  designing  for  frost  prevention,  since 
large  variations  in  snow  depth  may  occur  within  small  areas. 
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Figure  07 

Correction  factor  for  frost  quantity  at  snowcovered  surface, 
as  function  of  average  snow  cover  thickness  throughout  the 
winter. 

Legends,  NBI  Aa. 1 1 1 
Figure  07 

1 Correction  factor  for  frost  quantity,  kp 

2 Field  measurements 
o t^  ? 60  days 

V tp  ^60  days 

3 Average  snow  cover  thickness,  Zm>  m 


1)  The  parameter  tp  is  not  defined  in  the  text,  but  is  pro- 
bably the  number  of  days  over  which  measurements  are 
averaged.  (Translator's  note) 
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Legends  for  tables,  NBI  Aa.111 

1 KOMMUNE  = Community,  numbered  by  fylke  (county)  according  to 
an  official  numbering  system  established  in  1975* 

2 F.o.h.  = Elevation  above  mean  Sea  level,  m. 

3 TEMP  * temperatures  ^ and  i?mi,  as  defined  in  the  text. 

4 FROSTMENGDE  = Frost  quantity*  F2,  F^,  F1Q  and  F100  are  de- 
fined in  the  text. 

5 Z1(-jq  = Frost  depth  calculated  for  sand  and  gravel  for  the 
,,maxiraum,,  frost  quantity,  F1Qq. 
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-18 

50 

6 OX 

9 OX 

12  OX 

15  OX 

1.3 

- Namso* 

20 

5.2 

6 OX 

j 1711  MerAker 

-23 

3.0 

10  OX 

15  OX 

20  OX 

23  OX 

1.9 

1 - Me- Aker 

218 

-22.2 

3.9 

10  IX 

15  200 

20  3X 

23  3X 

j 1714  Stiordal 

-19 

5.0 

6 OX 

10  OX 

13  OX 

17  OX 

1.4 

1 1717  Frosta 

-19 

5.5 

6 OX 

90X 

12  OX 

15  OX 

’'3  1 

1718  Leksvik 

-18 

55 

6 OX 

9 OX 

12  OX 

150X 

1.3  ! 

j 1719  Levanger 

-19 

50 

6 OX 

10  OX 

13  OX 

17  OX 

1.4 

- Ytteroy 

-18.5 

5.3 

6 IX 

96X 

12  200 

13  200 

1721  Verbal 

-20 

50 

6 OX 

10  OX 

130X 

17  OX 

1.4 

1 - Suistua 

1 

233 

-22.1 

3.0 

16  OX 

KOMMUNE 

Hoh 

TEMP 

Fyikesvis  ordnet 

r. 

K2I 

nummerermg 
AjOurfOM  1975 

m 

C 

h C 

m 

1723  Moavik 

-19 

5.5 

8000 

9 000 

12000 

150X 

1.3 

1724  Verran 

-10 

5.0 

7000 

11000 

14  000 

180X 

1.5 

1725  Namdaiseid 

-19 

5.0 

7000 

11000 

14  000 

10OX 

1.5 

1729  Inderoy 

-19 

5.0 

6000 

9000 

12000 

15  OX 

1.3 

1736  Snisa 

-25 

4.0 

13000 

19000 

23  OX 

27  OX 

1.9 

- Kjobli 

195 

-27.3 

3.4 

13  700 

19  300 

23  3X 

27  4X 

1738  Uerne 

-32 

1.0 

25  000 

29  000 

36  OX 

41  OX 

2.9 

- Nor dli 

403 

1.1 

25  300 

29900 

38  5X 

41  6X 

1739  Royrvik 

-2® 

1.5 

25  OX 

29000 

36  OX 

41  OX 

2.8 

1740  Nemsskogan 

-25 

3.0 

14000 

19000 

24  OX 

28  OX 

2.1 

1742  Grong 

-22 

4.0 

12000 

17000 

22  OX 

26  OX 

1.9 

- Grong 

72 

4.0 

12000 

1743  Hoy  land* 

-21 

3.5 

10000 

15  000 

20  OX 

24  OX 

1.8 

- Hoyiandet 

23 

3.5 

17000 

1744  Overhaila 

-20 

4.5 

10000 

15000 

20  OX 

24  OX 

18 

| 174®  Foin.1 

-17 

5.0 

5000 

8000 

11  OX 

160X 

1.4 

1749  Plata  nger 

-1® 

5.5 

2000 

5000 

sox 

11  OX 

i.i 

1750  Vikna 

-15 

5.5 

1 000 

3000 

sox 

10  ox 

1.1 

1751  Naaroy 

-16 

5.5 

2000 

5000 

SOX 

130X 

1.2 

1755  Leka 

-,s 

,5 

1000 

3000 

sox 

100X 

1.1 

18  NOROLAND 

1804  Bodo 

-13 

4.5 

8000 

9000 

120X 

17  OX 

1.5 

- Bodo 

10 

-12.9 

4.6 

5 600 

8 100 

11  2X 

16  2X 

1805  Narvik 

-15 

3.5 

11000 

13000 

17  OX 

25  OX 

1.9 

- Narvik 

32 

-14.9 

3.8 

10  600 

12  700 

16  700 

24  3X 

- B|orn«fjell 

514 

-27.2 

-1.2 

38000 

1811  Bindai 

-18 

4.5 

5000 

8000 

120X 

18  OX 

1.5 

1814  Bronooy 

-14 

5.0 

3000 

5000 

SOX 

12  000 

1.2 

- Bronnoysund 

5 

-13.5 

5.8 

2000 

4 100 

66X 

11  2X 

1815  Vega 

-13 

5.5 

2000 

4000 

7 OX 

11  OX  j 1.1 

1 1816  Viveistad 

-15 

55 

1000 

4000 

7 OX 

13  OX 

1.2 

1818  Her oy 

-13 

5.5 

2000 

4000 

7 OX 

11  OX 

1.1 

1820  AJstahaug 

-14 

5.5 

1 000 

4000 

7 OX 

13  OX 

1.2 

1022  Leirljord 

-16 

5.0 

3000 

6000 

90X 

15  OX 

1.3 

1824  Vet  an 

-18 

3.5 

13000 

16000 

21  OX 

27  OX 

2.0 

- Mosjoen 

2 

4.1 

12000 

1025  Grane 

-21 

2.5 

18000 

23  000 

28  OX 

32  OX 

2.3 

- Maiavatn 

352 

-23.2 

2.3 

19  300 

24  300 

29  4X 

33  5X 

1026  Hatttjeiidal 

-31 

1.5 

26  000 

32  000 

37  OX 

42  OX 

2.0 

- Hatttjeiidal 

208 

-30.5 

1.5 

26  000 

1027  Oynna 

-13 

5.5 

2000 

4000 

7 OX 

11  OX 

1.1 

1828  Nesna 

-15 

5.5 

2 000 

4000 

7 OX 

11  OX 

1.1 

1032  Hemnes 

-18 

3.0 

18  000 

23  000 

29  OX 

37  OX 

2.4 

1833  Rana 

-24 

3.0 

16  000 

18000 

25  OX 

35  OX 

2.3 

- Nerdal 

Si 

3.1 

16  200 

18800 

25  3X 

35  5X 

1034  Luroy 

-13 

5.5 

2000 

4000 

8 OX 

13  OX 

1.2 

1035  Traena 

-10 

60 

0 

1000 

20X 

6 OX 

0.9 

1838  Rodoy 

-13 

5.0 

3000 

5000 

10  OX 

15  OX 

1.3 

I 1037  Me  toy 

-13 

5.0 

3000 

5000 

100X 

15  OX 

1.3 

- Glomfiord 

39 

-13.5 

5.2 

3000 

4600 

10  IX 

15  2X 

i 1836  GildeskAI 

-15 

5.0 

2000 

4000 

90X 

14  000 

1.3 

1039  Beiarn 

-17 

3.5 

10000 

13000 

18  OX 

24  OX 

1.8 

1040  Saltdal 

-22 

2.0 

18000 

22000 

20  OX 

37  OX 

2.6 

- Rognan 

-28 

-21.8 

1041  Fauske 

-19 

3.5 

14  000 

17000 

22  OX 

28  OX 

2.0 

- Fauske 

14 

-19.3 

4.1 

9100 

12  200 

16  700 

23  OX 

- Sulitjeima 

151 

-28.0 

3.1 

16000 

1842  Skjerstad 

-18 

4.0 

10  000 

13000 

18  OX 

24  OX 

1.® 

! - Kietkovfieil 

795 

-0.9 

30000 

IMS  Son ota 

-19 

4.0 

10000 

13000 

180X 

24  OX 

1.8 

1040  Steigen 

-11 

4.5 

4000 

6000 

10  OX 

15  OX 

1.4 

- Grotoy 

6 

- 9.0 

54 

2 500 

4600 

8 1X 

12  700 

1849  Hamaroy 

-12 

40 

7000 

9000 

130X 

18  OX 

1.6 

1850  Ty»l|Ord 

-16 

3.5 

10000 

13  000 

18  OX 

24  OX 

1.0 

- Drag 

60 

38 

10  000 

1851  lodingen 

-11 

40 

7 000 

10  000 

13  OX 

18  OX 

1.6 

- Otter  soy 

10 

-10  8 

44 

5 600 

8 100 

11  2X 

16  2X 

1052  Tj*dsund 

-12 

40 

8000 

11000 

14  OX 

190X 

16 

' 1853  Evenes 

-13 

35 

9000 

11000 

15  OX 

21000 

17 

1854  Ba'langen 

- 14 

35 

'.WOOL 

13  COO 

17  OX 

24  OX 

1 8 

1056  Rost 

- 7 

55 

C 

1000 

2 OX 

6 OX 

09 

- Skomvaar  Fyr 

i® 

- 6 6 

55 

c 

1000 

20X 

6 IX 

1857  V*roy 

- 7 

5.5 

0 

1000 

2 OX 

60X 

09 

i 1858  Moskenes 

- 8 

50 

1000 

3000 

5 OX 

12  OX 

1.2 

; 1859  Flakjtjd 

- 9 

5.0 

1000 

3000 

5 OX 

12  OX 

1.2 

‘ i860  Vestvagoy 

-10 

5.0 

3000 

5000 

8CX 

14  OX 

13 

, 1866  Vigan 

-10 

SO 

3000 

5000 

BOX 

14  OX 

1.3 

i860  H.idsei 

-10‘ 

45 

4 000 

6000 

9 OX 

15  OX 

1 4 

1867  Bo 

11 

45 

3 000 

4000 

7 OX 

14  OX 

1 3 

| - So 

7 

-10  8 

4.7 

3000 

' 1866  Oksnes 
; 1870  Sortiand 
j I87t  Andoy 
- Andenea 


I 19  TROMS 

1 1901  Harstad 
1902  Tromso 
- Tromso 
'1911  Kv*(|Ord 

j 1913  Sk4nland 
i - £vensk|er 
1915  Biarkoy 
i - Sandaoy i 
Sen  | a 

1917  Ibestad 
j 1919  Gratangen 
1 1921  Salangen 
! 1922  Bardu 


9 

4.5  j 

30X 

40X 

7 OX 

150X 

9 

4.5  | 

4CX 

6 OX 

90X 

160X 

8 

4.0  ; 

400 

50X 

SOX 

160X 

4.2  1 

4 HO 

5 IX 

SIX 

162X 

-12  4.5  J 5CX  7000  10000  16000  1.4 

-13  3.5  10000  13000  16000  21000  1.7 

-12.3  3.3'  11  200  14200  17700  22300 

-11  4.5  ' 7000  9 000  12000  18000  i 1.5 

i ' 

-13  4.0  ! 8000  10000  13000  19000  1.6 

3.8  1 9 000 

-11  4.5  ! 6000  8 000  10000  16000  1.5 

4.4  1 4 100  5 600  8100  14  200 


- 13  4.5  • 

-20  3.5  | 

-21  3 5 1 

-28  2.o ; 


18000  1.5  | 

25  000  • 1.9 
26000  1.9  I 

47  000  2.8  | 


1924  Milsetv 

i 

-20 

2.0 

1 27  OX 

29  OX 

36  OX 

47  OX 

2.8  i 

- Bardufoss 

7# 

-29.4 

1.2 

26  5X 

! I 

- Oividalen 

226 

-22.7 

1.0 

28  4X 

304X 

40  600 

54  8X 

1 

1925  Sorreisa 

-10 

3.0 

i 120X 

16  OX 

190X 

26  OX 

2.0  ! 

1926  Dyroy 

-13 

3.5 

I 11  OX 

15  OX 

18  OX 

25  OX 

1.9 

1927  Tranoy 

-12 

3.5 

1 100X 

14  OX 

17  OX 

24  OX 

18 

1928  Torsken 

-10 

3.5 

80X 

11  OX 

14  OX 

XOX 

'■7  ! 

1929  Berg 

-10 

3.5 

10  ox 

13  OX 

16  OX 

21  OX 

17  1 

1931  Lenvik 

-13 

3.5 

11  ox 

150X 

10  OX 

25  OX 

i.9  ; 

- Gibostad 

10 

-12.8. 

3.3 

10  6X 

14  2X 

17  7X 

24  3X 

1933  Batsfiord 

1 

-21 

3.0 

15  OX 

18  OX 

22  OX 

29  OX 

i 

1936  Karlsoy 

-12 

4.0 

8 OX 

11  OX 

IS  OX 

19  OX 

1.6  i 

- TorsvSg 

22 

- 8.9 

4.1 

3 OX 

5 IX 

7 6X 

1C  IX 

| 

1938  Lyngen  # 

-20 

3.0 

17  OX 

21  OX 

25  OX 

31  OX 

2.2 

1939  Storfford 

1 

-23 

2.0 

23  OX 

26  OX 

XOX 

42  OX 

2.7 

- Skibotn 

44  i 

2.9 

15  OX 

1 

1940  K*f|ord 

-21 

2.0 

23  OX 

26  OX 

XOX 

42  OX 

2.7 

1941  Skiervoy  i 

-♦4 

3.5 

100X 

14  OX 

19  OX 

24  OX 

1.8 

1942  NordreiM 

-19 

2.0 

23  OX 

26  OX 

XOX 

42  OX 

2.7 

- Nordretsa 

« : 

1.9 

21  OX 

1943  Kvanangen  j 

-19 

2.0  1 

! 25  OX 

26  OX 

32  OX 

44  OX 

2.7 

20  FINNMARK 


2X1  Hamme-fest 

-14 

2.0 

- Ham  test  radio  - 

70 

2.1 

2002  Vardo 

-X 

1.0  1 

- Vardo 

13 

-X.2 

16 

2003  Vadso 

-25 

1.0  ' 

- Ekkeroy 

7 I 

-19.2 

1.4  j 

Xll  Kautokemo 

-37 

-2.0  ! 

- Kautokemo 

306 

-36.7 

-2.0 

- Siccaiouvre 

M2 

-37  3 

2.3 

X12  Alta 

-X 

1.5  ' 

- Alta 

4 1 

-22.4 

1.7  | 

X14  Loppa 

-11 

2.5 

X15  Hasvik 

1 

-11 

3.0 

X16  Soroysund 

i 

-13 

3.0 

X17  Kvalsund 

-16 

2.0 

X18  Masoy 

-13 

2.0 

- Fruholmen 

13 

30 

X19  Nordkapp 

I 

-13 

2.5 1 

- Heines  Fyr  ( 

33  : 

2.5 1 

XX  P or sanger 

-25 

1.5 1 

(Lakselv) 

- Kistrand 

12  ; 

-16.6 

i.7  i 

X21  Karasiok 

-42 

-1.5! 

- Karasiok 

129  1 

-42  4 

-1.5 

X22  Lebesby 

-22 

'■5 

X23  Gamvik 

-17 

1.5 

- Sietnes  Fyr  j 

» i 

1.8 

X24  Benevag 

-X 

1.5 

X25  Tana 

-27 

0.5  1 

- Tana 

5 i 

-27.2 

0.5 

- Rustefieibma 

9 ' 

0.1  1 

X27  Nesseby 

-31 

10 1 

XX  Batsfiord 

-23 

10  ' 

- Makaur  Fyr 

11 

1.9 

XX  Sor-Varanqer 

1 

-X 

0.5 

- Sor-Varanger 

8 

02 

- Kifkenes 

5 . 

-302 

09 

- Pasvik 

1 

i 

54 

. 

-0.3 

_ 

16000  27000  2.1 

14  000  25000  2.0 

15  000  26  000  2.0 

26000  37  000  2.6  I 

20000  30000  2.3 

19000  29000  2.2 

37  000  49000  3.0 


